The rate of scoliosis in syringomyelia patients ranges from 25 to 74.4%. 1, 2 Syringomyelia occurs in 1.2% to 9.7% of scoliosis patients. 1, [3] [4] [5] [6] [7] [8] [9] It should also be noted that syringomyelia is associated with Arnold-Chiari malformation in 30% to 86% of cases. 7, [10] [11] [12] This combination makes it necessary to extend the amount of both preoperative examination and neurosurgery.
The use of modern technologies enables detection of most comorbidities, in particular at the preoperative preparation stage, which helps to choose an appropriate treatment option as well as predict and signifi cantly reduce the risk of intra-and postoperative complications. Despite this, the problem of choosing a treatment option for combination of scoliosis and syringomyelia is still topical. In the literature, there are many reports on outcomes of
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surgical treatment in these patients and diagnostic issues, but there is no common strategy or algorithm of actions. A variety of techniques and procedures have been developed for treatment of syringomyelia, but none of them, except surgery, provides the results that would enable early correction of a scoliotic deformity with a minimum risk of neurological complications. Despite the fact that many authors have described cases of spontaneous cyst collapse, long-term ineffective conservative treatment may lead to a severe progression of scoliosis. A neurosurgical intervention, in turn, also does not provide a perfect result; often, re-operation is required, or the surgery outcome actually is such that scoliosis correction cannot be performed with the minimum risk. Therefore, the patient with syringomyelia and scoliosis is always a particular case in terms of choosing a treatment option. The main questions that surgeons face are as follows: How safe is the correction of a spinal deformity associated with syringomyelia? What cases require neurosurgery to be performed before correction? What is surgery tactics in the absence of indications for neurosurgery? Is the use of intraoperative traction reasonable?
Researchers' opinions on the issues are very controversial. Therefore, the purpose of our study was to evaluate the outcome of surgical correction of the scoliotic deformity in syringomyelia patients.
MATERIALS AND METHODS

PATIENTS
Three thousand one hundred and twenty patients with scoliosis of various etiologies were treated at the Clinic for Child and Adolescent Vertebrology of the Novosibirsk Research Institute of Traumatology and Orthopedics between 1996 and 2015. We conducted a retrospective analysis of 33 syringomyelia-associated scoliosis cases that required surgical correction. Syringomyelia was diagnosed in 33 patients (1.05%). Syringomyelia associated with idiopathic scoliosis was diagnosed in 21 (0.9%) out of 2334 patients; syringomyelia associated with scoliosis of other etiologies (congenital and paralytic) was detected in 12 (1.52%) out of 786 patients.
DIAGNOSTIC METHODS
At admission to the clinic, all patients underwent a standard preoperative examination that necessarily involved MRI of the thoracic spine, MRI of a segment comprising the curve apex, and examination by a neurologist. In the case of gross deformities (more than 80º), patients detected with spinal cord cysts additionally underwent a traction test with patient's total body weight as well as electroneuromyography and evoked potential tests. If cysts were identifi ed in the thoracic or upper thoracic spinal cord, MRI of the cervical spine and craniovertebral junction was performed.
SURGICAL METHODS
Additional neurosurgery stage was performed in 20 patients. In 17 cases, syringomyelia was diagnosed incidentally at the stage of preoperative MRI. Three patients were diagnosed with syringomyelia before admission to the clinic. The following interventions were performed: formation of the cisterna magna, drainage and emptying of cysts, and resection of the fi lum terminale. Syringomyelia associated with a Chiari malformation was present in 14 (42.4%) patients. Cord-traction syndrome was present in 2 patients, which was the reason for resection of the fi lum terminale.
STATISTICAL ANALYSIS
The data were analyzed with STATISTICA 7.0 software (StatSoft, Tulsa, OK, USA). Independent samples (different patients groups) were tested for statistical signifi cance using non-parametric MannWhitney and Kruskal-Wallis tests. Dependent samples (before and after surgery) were tested for statistical signifi cance using the Wilcoxon test. The data are presented as the median and interquartile range.
DISCUSSION
We conducted a retrospective analysis of 33 syringomyelia-associated scoliosis cases that required surgical correction. In orthopedic correction, the CDI instrumentation was used in 19 patients, the VERT instrumentation was used in 4 patients, and neurosurgery alone was performed in 9 patients. Detailed characteristics of patients are given in Table 1 . Based on the baseline characteristics and risk factors, the basic principles for treatment of these patients were defi ned.
NEUROSURGICAL INTERVENTIONS
Nineteen patients underwent the following neurosurgical interventions: 1) cisterna magna formation and cyst evacuation (9 patients); 2) isolated evacuation of a cyst (7 patients); 3) cisterna magna formation without cyst evacuation (3 patients). Repeated surgery was required in three cases; it included re-evacuation of cysts and reconstruction with dura mater fragments.
A neurological defi cit of varying severity, which Folia Medica I 2018 I Vol. 60 I No. 2 * K -cisterna magna formation, C -cyst evacuation, T -resection of the fi lum terminale ** T -thoracotomy, mobilizing discectomy, interbody fusion, C -skeletal traction through the skull and lower legs, Z -spinal deformity correction using CDI instrumentation through the posterior approach. * K -cisterna magna formation, C -cyst evacuation, T -resection of the fi lum terminale ** T -thoracotomy, mobilizing discectomy, interbody fusion, C -skeletal traction through the skull and lower legs, Z -spinal deformity correction using CDI instrumentation through the posterior approach.
was the reason we suspected spinal cord malformations, was observed in 13 patients; in one patient, neurological defi cit was detected only during registration of evoked potentials (there were no clinical manifestations). Two patients underwent neurosurgery aged less than 10 years. After neurosurgery, the scoliotic deformity continued to progress in both cases: from 81° to 105° and from 119° to 130°, respectively, for one year. In a group of patients who underwent neurosurgery at the age of 10 to 17 years (11 patients), scoliosis also continued to progress. The remaining 7 patients underwent neurosurgery after the end of active bone growth at the age of 17 years or more; after neurosurgical treatment, the scoliotic deformity in these patients was in a stable condition, without clinically signifi cant progression ( Table 1) .
At the time of paper preparation, nine patients continued treatment and were followed up by neurosurgeons. Two of these patients had no neurosurgery due to the absence of neurological symptoms, small cavity size, absence of the indications for immediate scoliosis surgery because of minor severity of the scoliotic curve (38º and 40°, respectively) and a lack of deformity progression. The patients were followed up. In eight patients in this group who had no scoliosis correction, syringomyelia was associated with an Arnold-Chiari malformation.
ORTHOPEDIC SURGERY
The median age of 23 patients who underwent spinal deformity correction using various instrumentation was 14.6 (IQR 12.3-18.4) years at the time of surgery (2.5 to 34.3 years). There was no statistically signifi cant relationship between the gender, age, curve apex, scoliotic curve direction, rate of progression, neurological symptoms, and presence of syringomyelia. Neurological defi cit was noted to start developing when the cyst extended more than 4 mm. In this case, the length and location of the cyst did not play a signifi cant role. Interestingly, in the case of cysts of up to 9 mm in width, the clinical signs and neurological symptoms could be absent. The cyst localization was as follows: 8 cysts in the cervical spine; 15 cysts in the cervicothoracic spine; 8 cysts in the thoracic spine; 1 cyst in the lumbar spine; 1 cyst in the fi lum terminale.
In cases of no neurological defi cit and the syrinx width of less than 4 mm, the deformity was corrected through the posterior approach under skeletal traction (Fig. 1) . Dorsal correction alone was carried out in 10 cases. In three cases, the step of placing CDI instrumentation was complemented with mobilizing discectomy. Also, three-stage surgery (mobilizing discectomy, skeletal traction, deformity correction with dorsal instrumentation) was performed in 3 cases. If after neurosurgery, neurological symptoms did not regress completely, or syrinxes were larger than 4 mm, surgical correction of the spinal deformity was performed without skeletal traction (Fig. 2) .
CDI SURGERY CDI instrumentation was planned to be used for surgery of 20 patients with mean age of 16.0 (IQR 13.8-18.8) years. The mean follow-up period was 4 years (IQR 2-5.6) (1.6 to 11.9 years). Preoperatively, all patients underwent a traction test under patient's total body weight, which showed no worsening of neurological symptoms. The patients were consulted by neurosurgeons who jointly decided on the tactics and amount of surgery. The primary scoliotic curve was located in the thoracic spine in 28 cases and in the lumbar spine in 5 cases. The median magnitude of the primary scoliotic curve before surgery was 69.5° (IQR 54.5°-87.5°), and the mean compensatory curve was 31° (IQR 0°-54°). The thoracic kyphosis before surgery was 35.5° (IQR 26.5°-56.5°). The lumbar lordosis was 69.5° (IQR 57.5°-77°). Implantation of an endocorrector failed in one patient (5.3%). The dural ectasia signs were detected during preoperative examination. Intraoperatively, excessive liquorrhea developed during an attempt to place laminar hooks, which caused the decision to refuse scoliosis correction.
After surgery, the mean magnitude of the primary curve was 33° (IQR 20°-43°); the mean compensatory curve was 4° (IQR 0°-25°); thoracic kyphosis amounted to 23° (IQR 15°-32°); lumbar lordosis was 50° (IQR 48°-61°). Thus, the primary curve correction was 35° (IQR 31°-47°) (55.6%, IQR 40%-71.4%); the secondary curve correction (among patients with non-zero lumbar compensatory curve) was 34 (IQR 26°-41°) (65.3%, IQR 55.8%-78.8%), that states signifi cant improvement (p<0.001). At the end of the follow-up period, postoperative progression was 0° (IQR 0°-4°) for the primary curve and 2° (IQR 0°-4°) for the secondary curve and failed to reach statistical signifi cance (p=0.118). Surgical correction of the spinal deformity did not lead to worsening of neurological symptoms in any of the cases.
SURGERY WITH VEPTR DEVICE
At the time of paper preparation, four patients were at different stages of treatment with a VEPTR device; all of them had congenital spinal deformities; the mean age of surgery was 5.8 years (range, 2.5 to 8.5 years). An initial mean deformity of 100.3° (67° to 130°) was reduced to 78.8° (51° to 105°), on average, after primary correction. Subsequent treatment stages involved 1.5-2 cm distraction (Fig. 3) . There was no neurological defi cit worsening associated with primary correction and stepwise distraction. In this group, 2 patients required neurosurgical treatment. According to the MSCT data, both patients were diagnosed with diastematomyelia: at the L2−3 level in the fi rst case and at the T11−12 level in the second case. Initially, both children were diagnosed with lower fl accid paraparesis, which was associated with pelvic organ dysfunction in one case. The patients underwent evacuation of the syrinx without resection of bony septa. The intersurgical interval was 6 months. In both cases, the spinal deformity continued to progress after neurosurgical treatment.
DISCUSSION
Analysis of the literature shows that some authors prefer to perform fi rst a neurosurgical treatment, arguing that a neurosurgical intervention conducted at the age less than 10 years can completely eliminate the need for scoliosis correction. [14] [15] [16] Other authors tend to believe that preceding neurosurgery can signifi cantly reduce the risk of potential neurosurgical complications during scoliosis correction, but does not stop progression of the deformity. [16] [17] [18] The number of reports on scoliosis correction without any neurosurgical treatment is much more limited, but this surgery is performed under intraoperative neuromonitoring. [19] [20] [21] [22] Despite the difference in approaches, almost all authors agree that the risk of complications associated with scoliotic deformity correction is very signifi cant. At the same time, there is only one report of postoperative complications. Ozerdemoglu et al. reported that 3 of 38 (8%) patients developed neurological complications after scoliotic deformity correction. 18 A comparison of the results of syringomyeliaassociated scoliosis correction with the data of other authors [20] [21] [22] , reporting primary curve correction in a range of 63 to 80% who used shortening vertebrotomy techniques (vertebral column resection -VCR) and pedicle subtraction osteotomy (PSO) demonstrates that the achieved results are satisfactory. In this case, the absence of neurological complications is a major indicator underlying the choice of a treatment option. Perhaps, more aggressive surgical tactics might provide more signifi cant correction of the primary scoliotic curve, but the risk of neurological defi cit worsening might also increase. The use of modern intraoperative neuromonitoring that enables real-time tracking of the effect of any corrective procedure may help increase the degree of spinal deformity correction.
Also, no neurological defi cit in studies where authors achieved scoliosis correction of up to 80% of the initial magnitude of the curve without preceding neurosurgery, including application of shortening vertebrotomy techniques, makes this method very attractive.
Another question that arises before the surgeon performing scoliosis correction is the ability to control the spinal cord conditioning the postoperative period. An implanted metal device complicates visualization of the spinal cord during MRI. A MSCT study, even with contrast enhancement, may also lack suffi cient data for full assessment of the cyst size. The syrinx size and central canal lumen can vary over time, not exclusively reduce. Upon extension of lesions and compression of the spinal cord structures, when the structures exhaust their compensatory potential, the neurological status can worsen. In this case, it is necessary to remove the corrective device, perform additional examination, and make a decision on the need for neurosurgical care. We did not observe such cases. Removal of instrumentation may be associated with a potential signifi cant loss of correction. In this regard, the quality of dorsal spine fusion is of particular importance. A secure bone block is a prerequisite for preserving the achieved correction.
Despite the fact that neurological defi cit can occur during spinal canal dilatation starting with 4-5 mm, it is impossible to predict changes in the neurological status due to scoliosis correction. Probably, even the maximum correction will not lead to neurological defi cit worsening. On the other hand, in the case of a syrinx size of 8-9 mm and the absence of initial neurological symptoms, even the minimum correction associated with a spinal cord dislocation may impair compensation of the spinal cord condition.
In our opinion, the major advantage of this study is the fi rst experience of using a quantitative evaluation of the intracerebral cavity in planning of surgery for the patient with a combination of syringomyelia and progressive scoliosis. In turn, the main drawback is the limited number of cases. Therefore, further research is required to confi rm, detail, or disprove the proposed approach. 
CONCLUSIONS
For an effective collaboration between neurosurgeons and orthopedists in correcting scoliotic deformities in syringomyelia patients, we propose an approach based on a quantitative evaluation of the cavity width. We have demonstrated that a cavity width of 4 mm is the borderline level for choosing a surgical approach. If the cavity width is less than 4 mm, we recommend performing orthopedic surgery fi rst and neurosurgery at the second stage. If the cavity width exceeds 4 mm, the thickness of deformity walls is reduced compared to the normal values, and the risk of damage to the nerve pathways during orthopedic surgery increases. In this case, we recommend neurosurgery with drainage of the deformity cavity as the fi rst stage.
